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The information presented in this catalog is correct to the best of our knowledge. However, 
Time Mark Corporation does not warrant the applications as outlined nor make any offers that 


the circuits are free from patent infringement. Time Mark Corporation reserves the right to 
change or alter specifications at any time. 


GENERAL 


This application guide was written for use by 
equipment designers, maintenance personnel, 
electrical contractors, etc., to aid them in the 
installation of pump protection systems. The 
notes and diagrams here will deal with methods 
of protecting pumps against an underload con- 
dition due to loss of prime, but can also be 
applied to any motor that needs to be monitored 
for an underload condition. 


THEORY 


The need for a system to detect an underload 
condition by some method other than the simple 
monitoring of the current becomes evident when 
examining some of the following waveforms. In a 
purely resistive circuit, the current ( amps) is 
directly proportional to the power( watts) being 
consumed and can be arrived at by multiplying 
the voltage across the load times the current 
through the load, that product being watts. 
( Volts x Amps equals Watts). 


FIGURE 1 : Purely Resistive Load 


«——— CURRENT WAVEFORM 
VOLTAGE WAVEFORM 
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With a purely resistive load, 
the current and voltage waveforms 
are occurring simultaneously. 


However, when a load is not resistive, but 
inductive, as it is with a motor, the formula is no 
longer correct. The inaccuracy is due to the fact 
that the current and voltage do not occur 
simultaneously. The current waveform will lag 
the voltage waveform by as much as90 degrees 
in a completely unloaded condition to as little as 
5 or 10 degrees in a fully loaded condition. 


FIGURE 2 : Purely Inductive Load 


CURRENT WAVEFORA 


VOLTAGE WAVEFORM 


DEGREES 


With an inductive load the 
current waveform will lag the 
voltage waveform. 


The amplitude or amount of current as 
measured with an ammeter may only change a 
slight amount from a fully loaded condition to a 
completely unloaded condition. This makes it 
very difficult to detect an unloading condition by 
only monitoring current. 


A multiplication factor can be derived from the 
number of degrees of lag to make the formula 
correct. Thisis called the" powerfactor" ог“ Pf" 
or “ Cos ©” because the factor is the natural 
cosine of the degrees of lag as shown in the 
abbreviated chart below. 


DEGREES COS 0 OR 
OF LAG POWER FACTOR 


DEGREES COS И OR 
OF LAG POWER FACTOR 


An example of the actual power being con- 
sumed by a typical motor between a loaded 
condition and an unloaded condition is given 
below. For the purpose of this explanation, we 
will assume a 2 horsepower, 230 volt, single 
phase motor is being used at near full load 
( Formula No. 1), andsuddenly drops to approx- 
imately 4096 load ( Formula No. 2). 


Example: (Voltage x Current x Cos Й = Watts) 


Formula No. 1 
230 volts x 10 amps x .985 РЕ - 2265.5 watts 


Formula No. 2 


230 volts x 9 amps x .423 РЕ = 875.6 watts 


It can be seen that by comparing the result of 
the two formulas, that even though the current 
only decreased 1096 from full load to 4096 load, 
the actual power being used did drop to approx- 
imately 5096 due to the phase shift between the 
voltage and current waveform. 


The conclusion reached in this theoretical 
discussion is that it is difficult to determine how 
much a motor is loaded by monitoring only the 
current. However, by monitoring also the phase 
relationship and applying the resulting power 
factor, a very strong changing parameter can be 
used. 


A PRACTICAL SOLUTION 


A circuit that monitors the voltage and the 
current of a motor is the heart of the Time Mark 
Model 401 Pump Controller. The block diagram 
shown below describes basically how the circuit 
functions without clouding the issue with circuit 
details. 


Referring to the Model401 block diagrams, a 
signal taken from both the motor current and the 
motor voltage is conditioned and combined in a 
Switching comparator to generate a DC voltage 
that is proportional to motor power. This DC 
voltage is again compared with a voltage from the 
front panel adjustment in a threshold detector. 
The output of this detector triggers the relay 
driver when the two voltages are equal. The relay 
driver causes the output contacts to close. A 
two- second start timer also causes the output 
contacts to close for approximately 2 seconds 


any time the motor voltage is removed and re- 
applied. This2 seconds allows the motor current 
to reach the operating level which then causes 
the output contacts to remain closed by way of 
the threshhold detector. The red and black test 
jacks shown are used to aid in adjusting the unit 
upon installation and will be described in later 
paragraphs. 


AN ADDITIONAL 
FEATURE 


The Model 401 described above will fulfill 
most of the requirements for pump controls. 
However, there are many situations that call for 
the pump to restart automatically after a preset 
time period. In these cases, the Model 402 
Should be used. A good example is that in many 
areas, water wells do not supply enough water 
for the needs, and must be“ milked” dry several 


times a day. The Model 402 has an additional 


feature of an adjustable restart timer. This timer 
is available in2 ranges, 15 minute to1 hour, and 
1 hour to 4 hours. The function of the restart 
timer is that should the pump be stopped for any 
reason for more than the time period selected, it 
will automatically restart and run until the well is 
dry, or the reservoir is again full. 


AUTO 
RESTART 
TIMER 


THRESHHOLD 
DETECTOR 


MOTOR 
CURRENT 


It can be seen that the diagram above is 
identical to the Model 401 with the exception of 
the auto- restart timer. Any time the pump is 
turned off, the output of the threshold detector 
allows the auto- restart timer to begin timing. At 
the end of the adjusted time period, the timer 
sends a10 second start pulse to the relay driver, 


telling it to start the pump for 10 seconds. If the 
motor power rises over the threshold within the 
10 seconds, the pump will remain running. If 
not, it will shut down and try again after another 
restart period. 


NEW MODELS 


The Model405 and Model406 are the newest 
additions to the Time Mark pump controller 
family. They are actually called “ motor load 
monitors" but are useful in preventing pumps 
from burning out due to a no- load conditions on 
the motor. 


The Model 405 is essentially the Model 401 
with the addition of an adjustable trip delay of0.3 
to 3.0 minutes. In the same manner, the Model 
406 is adirect compliment of the Model402 butit 
has an adjustable trip delay of 0.3 to 3.0 minutes 
in addition to the built- in auto restart delay. 


INPUT CURRENT 
REQUIREMENTS 


The CT input of the controller is an isolated 
winding of a small current transformer within the 
unit. The current range needed should be kept 
between 2 and 3% amps for full load on the 
motor. Polarity of the wires connected to the CT 
terminals must also be observed in order to 
achieve the correct phase relationship between 
the current and voltage waveforms as described 
in the foregoing paragraphs. This is a simple 
matter to determine after the installation is com- 
plete. Refer to the adjustment procedure in a 
later paragraph. 

If the full load motor current is3% amps ог less 
and the motor is a single phase type, one leg of 
the motor current can be used directly with the 
controller. If itis more than ЗУ» amps, а CT must 
be used to reduce the current to the proper 
range. The following drawings show the types of 
transformers that are available. 


MODEL 276A-.... 


CURRENT RATIO 
(10 te 40 AMPS) 


в 


MODEL 276B-.... 
CURRENT RATIO — 


(50 te 1000 AMPS) 


The following charts will aid in the selection of 
the current transformers required for many 
horsepower ratings. 


CURRENT TRANSFORMERS 
For 401 / 402 / 405 / 406 
For Pump/ No- Load Controllers 


SINGLE PHASE 
115V 230V 


276A-10 DIRECT 
276A-15 276A-10 
276A-15 
276A-20 
276A-25 
276A-30 
276A-35 
276B-50 276A-25 
276B-80 276A-40 
276B-150 276B-60 
-- 276B-150 -- 276B-75 


THREE PHASE 
230V 460V 


DIRECT DIRECT 
DIRECT DIRECT 
276A-10 DIRECT 
276A-10 DIRECT 
276A-10 DIRECT 
276A-15 276A-10 
276A-25 

276A-35 

276A-40 

276B-60 

276B-80 

276B-100 

276B-150 

276B-150 

276B-200 

276B-250 


276A-10 
276A-10 
276A-15 
276A-15 
276A-20 


276B-300 
276B-400 


THREE PHASE 
INSTALLATIONS 


The basic controllers are for use with 
single- phase motors only. However, they can 
be used іп З - phase applications by installing a 
current cancelling transformer, Model 276 C. 


This device monitors two of the three phases and 
cancels the effect of the current signal in the third 
phase which would cause a phase shift error 
inside the controller. Application schematics are 
shown later to describe the interconnections. 


ами [———+.—— MODEL 2760 


ADJUSTMENT 
PROCEDURE 


After the system is completely installed, a 
simple test and adjustment will allow you to make 
sure polarity and threshold are correct. 


Connect a temporary jumper across the N.O. 
contacts on the pump controller. If the proper 
voltage is applied to the system, the pump motor 
will start and run continuously. Make sure the 
pump is running under its normally * loaded" 
condition. 


Using a clamp type ammeter, measure the 
current іп one ofthe wires connected tothe“ CT" 
terminals on the pump controller. It should read 
between 2 and 3% amps for best results. This 


reading can only be changed by exchanging the 
“ CT" with a different ratio. 


Next, turn the" trip adjust” control through its 
entire range and find the spot where the" pump 
running" indicator just illuminates. If the ind- 
icator is either on or off all the time, reverse the 
two wires connected to the CT terminals and 
readjust. 


Using a Model 116 A calibrator or any volt- 
meter that will read O to 10 volts DC, read the 
voltage at the test jacks on the front of the pump 
controller. 


For purposes of making the final adjustment, 
consider the DC voltage reading at the “ Trip 
Point" as 10096, and adjust the“ Trip Adjust" to 
8096 of that reading. 


Example: 10096 voltage reading is 8.5 volts 


x .8 
Final setting is 6.8 volts 


This 8096 setting may be further adjusted to 
suit unusual installations. If the unit trips when 
an underload condition appears to be present, 
adjust to a lower percentage of the 10096 
reading. Likewise, if the unit fails to trip on an 
underload, adjust for a higher percentage. 


Remove the jumper from the N.O. contacts 
and the pump should continue to run. Adjust- 
ment is complete. 


APPLICATION SCHEMATICS 


FIGURE 


zr A^cCrommoou» 


120 Volt, 1 - Phase, Under 3 Hp............ 
120 Volt, 1 - Phase, З Hp or Larger......... 
230 Volt, 1 - Phase, 1/3 to5 Нр........... 
230 Volt, 1 - Phase, 7% Hp or Larger. . . . . . . 
230 Volt, 3- Phase, Under 1 Нр............ 
230 Volt, 3- Phase, 1 to 10 Hp............. 
230 Volt, 3- Phase, 15 HporLarger....... 
480 Volt, 3- Phase, Under3 Hp............ 
480 Volt, 3- Phase, З to 20 Hp. ........... 
480 Volt, 3- Phase, 25 HporLarger....... 
Pump Controller With Phase Loss Protection 
Typical Swimming Pool Installation ......... 
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PUMP CONTROLLER 


PUMP CONTROLLER 


REVERSE. THESE TWO 
WIRES IF PUMP FAILS 
то RUM MORE тиди 
THE нети 2 SEC 
маюе. 


REVERSE THESE TWO 
WIRES 17 PUMP FAILS 


то ви RE THAN 
THE INITIAL 2 SEC 
PERIOD. 


USE MODEL 276A-XX 


120V, 10 — UNDER 3Hp 


120V, 18 - 3Hp OR LARGER 


PUMP CONTROLLER 


PUMP CONTROLLER 


REVERSE THESE TWO 
WIRES IF PUMP FAILS 
ТО вум MORE THAW 
THE INITIAL 2 SEC 

маю 


USE MODEL 276A-XX 


230V, 18 — Уз TO 5Hp 


230V, 10 — 7 У, Hp OR LARGER 


PUMP CONTROLLER 


PUMP CONTROLLER 


REVERSE THESE TWO REVERSE THESE TWO 
WIRES IF PUMP FAILS WIRES IF PUMP FAILS 
TO RUM MORE THAM RUM MORE THAM 
THE INITIAL 2 SEC THE INITIAL 2 SEC 

PERIOD. 2100, 


Osstavt РОСАНТУ 
АЗ SHOWN 


овуєвує rouanny 
AS Si 


USE MODEL 276A-XX 


230V, 3d — UNDER 1Hp 230V, 37 — 1 TO 10Hp 


PUMP COMTROLLER PUMP CONTROLLER 


REVERSE THESE TWO REVERSE THESE TWO 
WIRES IF PUMP FANS WIRES IF PUMP FAILS 
10 RUM MORE TO RUM MORE THAN 
тиз INITIAL 2 SEC ТИЕ маты 2 SEC 
меоо noo. 


OBSERVE POLARITY М ОВ5ЕРУЕ roLARITY 
5 $ AS SHOWN 


м 
USE MODEL 2768-XX 


230V, 30 —15Hp OR LARGER 480V , 30 — UNDER 3Hp 


PUMP CONTROLLER PUMP CONTROLLER 


REVERSE THESE TWO REVERSE THESE TWO 
WIRES IF PUMP FAILS WIRES IF PUMP FAILS 
10 RUN MORE THAM ТО вум MORE THAN 
THE INITIAL 2 SEC THE INITIAL 2 SEC 
PERIOD PERIOD 


HOWN AS SHOWN 
USE MODEL 276A-XX USE MODEI 2788-XX 
t 


novac 
con 


OBSERVE POLARITY Я озуу POLARITY | 


480V, 370 — 3 TO 20Hp 480V, 30 — 25 Hp OR LARGER 


PUMP CONTROLLER with PHASE LOSS PROTECTION 


ЗФ PHASE PUMP CONTROLLER 
POWER MONITOR 


The pump and no- load controllers 
are designed to sense loss of prime or 
нуни THESE two unloaded motor conditions. Other 
то uw HOME man conditions that can damage motors, 
however, include loss of phase or 
phase reversal. The diagram at left 
shows the addition of a Time Mark 
Model 264 3- Phase Power Monitor to 
detect the conditions and shut off the 
motor. 


OBSERVE POLARITY 
5 SHOWN 
USE MODEL 2768-11 


CYCLE TIMER 
MODEL 
368-120-1 Minute 


3 MAN 51 
REVERSE CYCLE 
SWITCH 


120МАС 


12 


PUMP CONTROLLER 


еа] 
(919|91910) 


REVERSE THESE TWO 
WIRES IF PUMP FAILS 
TO RUM MORE THAM 
THE INITIAL 2 SEC 
PERIOD. 


ше 
conu 


TYPICAL SWIMMING POOL INSTALLATION 


Model M shows a simple method of mon- 
itoring a swimming pool pump while also 
cycling the pump on and off on a selectable 
duty cycle. The cycle timer relay alternately 
energizes and de- energizes at an adjustable 
rate upto17 hours on and/ or off. The manual 
start and reverse cycle switch determines 


which half- cycle the pump will be running and 
can also be used to restart the pump if a loss of 
prime occurs. A standard 3 - way wall switch 
can be used here. For other horsepower 
ratings on the pump, refer to the Current 
Transformer chart on page 3. 


Model 400 


MOTOR LOAD 
MONITOR 


Monitors true power of a 
pump or motor 

Trips on motor underload 
Operates on 120 or 240 
VAC, single-phase or 
three-phase 

Trip and restart delays can 
be turned on or off. 
Replaces Models 401, 

402, 405 and 406 


DESCRIPTION 


Although originally designed as a pump controller, the Model 
400 Motor Load Monitor will detect an underload condition on 
all types of running motors: submersible pumps, conveyor 
motors, elevator motors, mixer motors, suction pumps, etc. 
The monitor detects the actual power used (voltage x current 
x power factor) and is more sensitive than simple current 
monitors. The Model 400 is used with single-phase motors or, 
using a Model 276C Current Transducer, with three-phase 
motors. External CT's allow the Model 400 to be used with 
virtually any size of motor. The Model 400 is versatile — it can 
accept input operating voltages of either 120 or 240 VAC or, 
with a stepdown transformer, 480 VAC. Both or either of the 
delay timers, the trip delay and the restart delay, can be 
turned on or off. 


ORDERING INFORMATION 


400 - X - 


Model ilL ШЫ delay 
- 210 30 seconds 
=" 20 to 180 seconds 
Restart delay 


1 - 1510 60 minutes 
4 - 1to4hours 


OPERATION 


When AC voltage is initially applied to the Model 400, the 
output contacts will transfer for approximately two seconds, 
completing the motor control circuit and allowing the motor 
to come up to speed. If the power being used is above the 
preset threshold the contacts will remain energized and the 
motor will continue to run. If the power drops below the 
preset threshold (due to dry well, loss of prime, a broken 
conveyor belt, no load on the belt, etc.), and the trip delay is 
off, the contacts will open and the motor shut off. If the trip 
delay is on the Model 400 will delay, then open its contacts. 


If the restart timer is off, the AC voltage must be removed 
and reapplied to reset the Model 400. If the restart timer is 
on, then at the end of the restart delay the Model 400 will 
automatically re-energize its contacts for approximately ten 
seconds. The criteria for continued operation are as stated 
previously. This cycle will continue until the motor runs 
correctly or the AC voltage is disconnected. For more 
information, refer to the Model 400 Application Guide. 
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` Dimensions are in inches unless 
М” MODEL 400 еги со spec ied, Drawings show 
MOTOR LOAD MONITOR 


no power applied. 


FORM NO. 
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SPECIFICATIONS DIMENSIONS 


Input Voltage 100 - 180 VAC, 50/60 Hz or 
200 - 250 VAC, 50/60 Hz 

Power Consumption 1 Watt Max. 
Contact Rating 4A @ 115 VAC Resistive 
2A @ 230 VAC Resistive 

Power Adjustment 0-10 VDC Corresponds to: 
100 - 400 Watts @ 115 VAC 

200 - 800 Watts @ 230 VAC 

400 - 1600 Watts @ 460 VAC 

Trip Delay Type A: Off or 0.2 to 30 seconds 
Type B: Off or 20 to 180 seconds 

Restart Delay Off or 15 to 60 minutes 
Off or 1 to 4 hours 

Indicators Red LED: Underload 
Green LED: Motor Running 

Transient Protection 2500 Volts for 10 ms 
Operating Temperature -40° to 140°F 
Humidity 97% w/o Condensation 
Case Material ABS Plastic 
1.14 Ibs. 


Manual 
Restart | 


115 VAC 


* Refer to CT chart ! г 
for correct CT size | Magnetic 


s dtd TRANSFORMER CHART 


MATCHING CURRENT TRANSFORMERS 
SINGLE PHASE THREE PHASE 


230 VAC 230 VAC 460 VAC 


276A - 10 DIRECT 
276 A-15 276 A-10 
275 A-15 276 A-10 DIRECT DIRECT 


276 A - 20 276 A-10 DIRECT DIRECT 
276 A-25 276 A-15 276 A- 10 DIRECT 
276 A -30 276 A-15 276 A- 10 DIRECT 
276 А - 35 276 А - 20 276 A- 10 DIRECT 
276 B-50 276 А-25 276 А-15 276А-10 
276 B - 80 276 A-40 276 А- 25 276А-15 
І: 276 8 - 150 276 B - 60 276 A-35 276A-20 
276 B - 150 276 В- 75 276 А-40 276 A - 20 
276 8-60 276A-30 
276 B - 80 276 A -40 
276 B - 100 276 B-50 
275 B - 150 276 8-60 
276 B- 150 276B-75 
276 B - 200 276 B - 100 
276 B - 250 276 B- 150 


276 B - 300 276 B- 150 
276 B - 400 276 B - 200 
276 B- 250 


10 
15 
20 
25 
30 
40 
50 
60 
75 


276 B - 300 
276 В - 400 
276 B - 500 


276 B - 600 
276 В - 700 
276 B- 750 
276 B - 1000 


MODEL 352 
6 - point 
LOAD SEQUENCER 


DESCRIPTION 


The 352 Load Sequencer is designed to allow up to six loads to turn on sequentially. 
Sequencing can be initiated with an external switch for sequence on- sequence off 
(first on - first off) operation, or directly with the application of power for sequence оп - 
all off operation. More than six loads can be sequenced by coupling together two or 
more 352 Load Sequencers. 


"- сём 


In industrial applications the 352 is ideal for starting anumber of motors, pumps, fans, 
etc., when it is not desirable for all to be turned on at once. As an energy management 
device it can help to hold down high demand charges by spreading the start up of 
energy consuming loads over a periad of time. Used in conjunction with a time clock 
and temperature limiter the 352 can readily provide night setback control of HVAC 
equipment. 


APPLICATIONS 
SEQUENCE ON/ALL OFF 


In this operating mode, the application of power will immediately energize 
relay #1, turning on Load #1. Each subsequent load will then turn on at 
predetermined intervals. To couple two or more Sequencers, a jumper is 
installed from the OUT terminal of one unit to the IN terminal of the next; 
additional Sequencers can be connected in a similar manner. Removal of 
the input power will shut off all of the loads simultaneously. Figures A & B 
show typical wiring connections. 


Common 


SEQUENCE ON/SEQUENCE OFF 


In this mode power must be continuously applied to the Load Sequencer. 
An external switch (manual or time clock contacts) initiates the sequencing, 
starting immediately with load #1. The remaining loads sequence on at the 
predetermined interval. As in the other operating modes, additional Load 
Sequencers can be coupled to control a greater number of loads. Typical 
wiring connections are shown in figures C and D. 


The previous descriptions assume that the 
normally open output contacts of the 352 Load 
Sequencer are being used. When the normally 
closed contacts are used the Sequencer can be 
used as a night setback device for thermostats. 
A clock such asthe TMC - 1 provides time-of-day 
control, and a temperature sensor such as the 
514 Temperature Limiter provides temperature 
override. Figure E shows an example of a typical 
application. 


TMC-1 
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DIMENSIONS 


—M— 19 DIA, 


SPECIFICATIONS 
INPUT 
VOLTAGE 24, 120VAC 
FREQUENCY 50/60Hz 
TIME DELAY 
TYPE ADJUSTABLE 
RANGE 3 TO 60 SEC. 
SETTING ACCURACY 1Hz 
REPEAT ACCURACY 2% 
PROTECTION 
TRANSIENT 2500 VRMS FOR 10 MS. 
OUTPUT 
NUMBER SIX 
TYPE ELECTROMECHANICAL 
FORM SPDT 
RATING 2 AMPS RESISTIVE AT 24VAC 
CLASS 2 POWER 
LIFE MECHANICAL 50,000,000 OPERATIONS 
ELECTRICAL 500,000 AT RATED LOAD 
MECHANICAL 
CASE 20 GA STEEL 
TERMINATION TERMINAL STRIP 
ENVIORNMENTAL 
OPERATING TEMPERATURE -20° TO 60° C 
STORAGE TEMPERATURE -30° TO 85° C 
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